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INTRODUCTION
The control of the duration of gestation is a complex process, not well under¬ stood (see Marshall & Moir, 1952; Clegg, 1959; Zarrow, 1961 , for reviews of the literature). One well-known fact, however, is the inverse relation which exists in many species, including the mouse, between the gestation period and the number of young born.
Two types of mechanism may be invoked to explain this relation: (1) some e 125 126 J. D. Biggers et al. local effect of crowding, originating and acting in the uterus; or (2) a systemic effect, which may or may not originate in the uterus, but which must neverthe¬ less be related in some way to the number of young carried. In the mouse, the young are distributed between two uterine horns, a situation which should enable one to discriminate between these two alternatives. If gestation period is found to be dependent on the total number of young in the litter, irrespective of their distribution between uterine horns, a systemic crowding effect is indicated. If this is not so, and it turns out to be the number in, say, the more crowded horn which determines when parturition begins, it suggests the operation of a local factor such as the degree of distension of the wall of the uterus.
A particularly effective way of producing local uterine crowding in a mouse is to remove one ovary. The remaining ovary then undergoes compensatory hypertrophy, and sheds up to twice as many eggs as normal; and virtually all of these eggs, if fertilized, develop in the ipsilateral uterine horn, since transuterine migration is very rare in this species. Hence, for a given litter size, the degree of local uterine crowding may be twice as great in one-ovary as in control two-ovary mice. The reproductive performance of one-ovary and twoovary mice was investigated by Biggers, Finn & McLaren (1962a, b) . Pre¬ liminary analysis of the results indicated that gestation was longer in one-ovary females (mode 20 days) than in two-ovary females (mode 19 days), which would suggest that local crowding of the uterus does not accelerate the onset of parturition. However, differences in mean litter size were not taken into account. We have now subjected this data to a more searching analysis, the results of which are presented in the first part of this paper.
The conclusion from this analysis will be that the duration of gestation depends on the total number of foetuses in a female, irrespective of whether they are distributed between both horns or confined to one. Since in a normal pregnancy there are approximately the same number of corpora lutea in the ovaries as there are foetuses in the uterus, it is possible that the control of gestation resides in the ovaries rather than the uterus. This possibility has been investigated by comparing the duration of gestation in mice where one Fallopian tube has been tied, with that in intact control animals. The number of corpora lutea in the two ovaries will be the same in both groups. The total number of embryos in the uterus of the tube-tied females will be approximately half the number in the intact females, while the degree of crowding in the functional uterine horn of the tube-tied females will be similar to that in either horn of the intact females. The results of this study are given in the second part of this paper.
MATERIALS AND METHODS
The observations were collected in the course of three experiments on mice belonging to Theiler's (Biggers et al., 1962b As we have pointed out earlier, the effect of number of young upon gestation period, if systemic, could depend either on the total number of conceptuses in the uterus (embryo hypothesis), or on the total number of corpora lutea in the ovaries (corpora lutea hypothesis). In intact females the number of corpora lutea will be similar to the number of conceptuses ; but in females with one Fallopian tube tied, although the mean number of corpora lutea in both ovaries will remain the same, the number of conceptuses in the single functional uterine horn will be little more than half the control number.
Embryo hypothesis
If gestation period is regulated by the number of conceptuses, the regressions of gestation period on litter size in the two groups of females should be identical.
Text- fig. 3 shows the relation between the gestation period and number of young born in intact and tube-tied females. The statistical analyses, summarized in Table 3 , show clearly that there is no significant difference between the regressions for the two groups of females. These results therefore support the hypothesis that the gestation period is regulated by the number of conceptuses.
Corpora lutea hypothesis
If the duration of pregnancy is regulated by the number of corpora lutea, the two groups of females will have the same expected mean gestation period. (1957) showed that in a pure-bred strain of guinea-pigs the mean gestation length was 69-9 days for a litter size of one, whereas it was 65-3 days for a litter size of six. The litera¬ ture on this phenomenon in domestic animals is reviewed by Clegg (1959) Although Hammond (1925) is often quoted as stating that there is no inverse relation between gestation length and litter size in the rabbit, the data he gives show a highly significant negative regression of gestation length on litter size (0-01>P> 0-001). In addition, Manresa (1933) has shown a significant negative correlation between gestation length and litter size in the rabbit. The most recent and comprehensive study on this question is that by Wilson & Dudley (1952) , who examined data from seventeen breeds and varieties of rabbit, and seventeen crosses. In twenty-two out of the thirty-four groups no significant relationship was found between gestation length and litter size; in the remaining twelve groups, however, significant inverse relationships were found.
Several investigators have studied the factors influencing duration of preg¬ nancy in the sow (Sabatini, 1908; Carmichael & Rice, 1920; Johansson, 1929; Kfizenecky, 1935; Joubert & Bonsma, 1952) and none has found any relation between gestation length and litter size. In addition McKenzie (1928) provides one set of data, and Burger (1952) provides two sets of data, from which the regression of gestation length and litter size can be calculated. We have calcu¬ lated these regressions and in no case did we find a significant relationship. Thus there is an overwhelming body of evidence collected at several times in several parts of the world that in the sow the number of young in the litter has no effect on the length of gestation.
In the mouse, the data analysed in the first part of this paper suggest that the inverse relation which exists between the duration of gestation and litter size must be explained in terms of the total number of conceptuses in the mother, and not on the degree of crowding in the uterine horns. Thus, in the mouse, the stretching of the uterine wall, which increases particularly rapidly in the later stages of pregnancy, does not appear to induce parturition by increasing uterine irritability. The data analysed in the second part show, in addition, that the inverse relation must be explained directly in terms of influences arising from the conceptuses, and not in terms of the numbers of corpora lutea, although these are very highly correlated with the numbers of conceptuses in normal pregnancies.
This is fully consistent with several studies on mice, rats, rabbits, hamsters, guinea-pigs and rhesus monkeys (Mayer & Klein, 1955) , which suggest that it is the placenta and not the ovary which determines the date of parturi¬ tion. For example, Newton (1935) killed all the foetuses in pregnant mice between the 12th and 15th days of gestation, leaving the placentae intact. The placentae were retained until about the normal time of parturition, after which post-partum oestrus followed within 2 days. If both foetuses and placentae were removed together, oestrus followed in 3 to 4 days. Kirsch (1938) did similar experiments with pregnant rats and obtained essentially the same results. Embryos were removed between the 14th and 21st day of pregnancy leaving the placentae intact; in all cases the placentae were delivered at about the normal time of parturition. If both the foetuses and placentae were removed, and replaced with paraffin pellets of the same size and shape, the pellets were delivered within 2 days. If the placentae were left in only one horn, and paraffin pellets placed in the contralateral horn, the placentae and pellets were delivered at the expected time of parturition. Unfortunately no information is available as to whether the time of parturition was affected by the number of placentae left in the uterus. J. D. Biggers et al. Since there are very large differences between species in the details of the endocrine regulation of pregnancy, our results will be discussed primarily in terms of known facts about the mouse.
Harris (1927) showed that bilateral ovariectomy at any stage up to the 17th day of pregnancy in the mouse terminates pregnancy within 2 days of the operation. Ovariectomy on either the 18th or 19th day was too close to the expected time of normal parturition to decide whether or not the operation terminated pregnancy. Soon after, Parkes (1928) found that in mice, as in rabbits (Fraenkel & Cohn, 1901) and guinea-pigs (Loeb, 1923) , the mainten¬ ance of pregnancy depended on the presence of functional corpora lutea in the ovaries. If these corpora lutea were removed at any time up to the 17th day, pregnancy ceased, but after this time they could be removed without effect. The 17th day is also the time when the corpora lutea commence to regress. This work showed that the ovaries of the mouse elaborate a hormone throughout most of pregnancy which is essential for the maintenance of gestation. There is good evidence that the hormone involved is progesterone, since the administra¬ tion of progesterone can maintain pregnancy in adult and prepubertal ovari¬ ectomized mice, and in the obese mutant (obob) which fails to form corpora lutea (Smithberg & Runner, 1956 Steinetz, Beach & Kroc, 1957 , 1959 (Newton & Beck, 1939) .
The fact that the administration of progesterone to a mouse late in pregnancy delays parturition Relaxin is a hormone whose extreme importance in pregnancy and parturi¬ tion has only just become recognized Hall, 1960 (Robson, 1934) . Robson (1936) (Parkes, 1930;  Robson, 1935; Marrian & Newton, 1935) , and in other species, that the administration of oestrogens increases the sensitivity of the uterus to oxytocin. That the injection of oestrogens into pregnant mice causes abortion was shown by Parkes & Bellerby (1927) , first using crude extracts, and later using highly purified oestrin (Parkes, 1930 (McLaren & Michie, 1954) . The distribution of embryos between uterine horns in a normal pregnancy has been found to be random, in the sense that it approximates to a binomial distribution with/) = 0-5 (Falconer, Edwards, Fowler & Roberts, 1961; McLaren, 1963 
